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Workshop II
Cultivation and Identification of Mycoplasmas
Convenors: E.A. FREUNDT, Aarhus, AND R.F. WHITCOMB, Beltsville
Contributors: R.F. WHITCOMB, Beltsville: Spiroplasmas- Isolation,
Identification, and Speciation
T. SHIMIZU, Miyazaki: Mycoplasmas-Isolation
T. WATANABE, Nagasaki: Mycoplasmas-Isolation from the
Oral Cavity
J.G. TULLY, Bethesda: Acholeplasmas-Identification and
Speciation
M. OGATA, Tokyo: Acholeplasmas-Isolation
M.C. SHEPARD, Jacksonville: Ureaplasmas-Identification and
Speciation
K. KOSHIMIZU, Tokyo: Ureaplasmas-Isolation
I.M. ROBINSON, Ames: Anaeroplasma- Isolation, Identification
and Speciation
E.A. Freundt in his introductory remarks emphasized the importance of develop-
ing improved techniques, not only for the successful isolation of as yet non-
cultivable mycoplasmas, but also for the recovery of already established species ex-
hibiting relatively well-defined nutritional requirements. As an example, mention
was made ofthe significantly higher isolation rates reported forM. pneumoniae and
several other Mycoplasma species when using medium SP-4 (originally devised for
fastidious spiroplasmas) instead of conventional growth media. Reference was
made, also, to the rapidly increasing problems involved in identification of any new
isolates of mollicutes, whether derived from human, animal, or plant sources.
R.F. Whitcomb summarized the principles of cultivation and identification of
spiroplasmas. Spiroplasma cultivation begins with the demonstration of a motile
helical prokaryote, usually by phase or darkfield microscopy. Electron microscopy
is required to confirm that the organism is wall-less and hence a member of genus
Spiroplasma. Factors important in primary isolation include the inherent growth re-
quirements of the organisms, physical characteristics of the growth medium (os-
molarity, pH, etc.), possible inhibitors in inoculum, incubation temperature, choice
of subculture intervals, and monitoring of growth by light microscopy. The best
media for primary isolation of currently cultivable spiroplasmas contain tissue
culture media and yeastolate in addition to the basic components of conventional
mycoplasma media, and utilize fetal bovine serum instead ofhorse serum. Modified
growth media have been devised for subsequent maintenance ofthe organisms. Cur-
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rent revisions of spiroplasma serological classification list eleven major groups. One
ofthese (Group I) contains seven subgroups, and another one (Group IV) shows an-
tigenic heterogeneity that cannot at present be described by the subgroup concept.
Preliminary identification of a new isolate in terms of this classification scheme can
be accomplished by the deformation (DF) test by reacting isolates with a single
(1:100) dilution of antiserum against all existing groups, or a series of serum dilu-
tions ranging from 1:10 to 1:160. An isolate failing to react in these tests probably
would represent a new serogroup. Isolates, in these procedures, undergo a series of
steps in which their status is prorated to "strain" by cloning, "serovar" by serological
analysis, "serogroup" by demonstrating a series of identical or very similar strains,
"groups" or "sub-groups" by completion of relevant genetic experiments, and,
finally, "species" by fulfilment of minimal standard requirements.
T. Shimizu described a modified Hayflick medium supplemented with 0.1 percent
polyoxyethylene sorbitan monoleate (Tween 80) which has been successfully used in
his laboratory as a differential medium to facilitate the isolation of certain bovine
mycoplasmas, including M. bovis. Three characteristic growth forms were observed
on this medium: (1) growth associated with heavy production of film and spots
(a-form growth) as exhibited by all of 53 recently isolated field strains ofM. bovis
and by the type strain of M. verecundum; (2) growth of colonies without film and
spots (fl-form) as shown by the type strain (Donetta) of M. bovis and by strains of
M. alkalescens, M. arginini, M. bovoculi, M. californicum, M. canadense, bovine
serogroup 7, A. axanthum, A. granularum, A. laidlawii, and A. modicum; and (3)
complete inhibition of growth (,y-form) as found for about 100 strains tested of M.
bovirhinis, one of the most frequent normal inhabitants of the bovine respiratory
tract, as well as for strains ofM. dispar, M. bovigenitalium, and genus Ureaplasma.
Since the presumedly non-pathogenic M. verecundum appears to occur only rarely
in cattle (it has never been noticed in Japan), the "Tween" medium seems to be par-
ticularly useful for rapid isolation and identification of M. bovis, an important
pathogen of cattle.
Techniques for sampling and isolation ofmycoplasmas from saliva, gingival sulci,
and dental plaques, each ofwhich represents a special ecological environment ofthe
oral cavity, were described by T. Watanabe. Saliva is inoculated directly, in tenfold
serial dilutions (10-l-10-3), on Hayflick's agar medium. Specimens from the normal
gingival sulcus or from periodontal pockets are obtained by inserting a rayon-tipped
swab or filter-paper strip into the sulcus, or by curettage; primary cultivation is
made in liquid medium. Special precaution is required for sampling from dental
plaques, consisting as they do of microorganisms embedded in an organic material
derived from salivary glycoproteins and microbial extracellular products tenaciously
adhering to the dental surface. Following repeated washing with large amounts of
water (using a spray) and removal of excess fluid by application of sterile gauze,
plaque material is sampled by scraping the surface with a sterile steel applicator.
Part of the specimen is inoculated directly onto solid medium, and part of it is
suspended in liquid medium and homogenized by mere shaking, by treatment with a
Potter's homogenizer, or by sonication, prior to inoculation in liquid and solid
media. Plates are incubated in an atmosphere of 80 percent N2, 12 percent CO2, and
8 percent H2. The overall isolation rate ofmycoplasmas by these techniques was sig-
nificantly higher from the saliva of orally diseased than from normal individuals,
and higher from periodontal pockets than from normal gingival sulci. Whereas the
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saliva yielded growth of both M. salivarium and M. orale, M. salivarium was the
only mycoplasma isolated from dental plaques.
J.G. Tullyin hisdiscussion ofidentification andcharacterization ofAcholeplasma
species mentioned that the ecology of these nonsterol-requiring mollicutes remains
to be defined. Although occurring primarily in animal hosts, recent studies have in-
dicated theirwidespread occurrence on the surfaces of a variety ofplants. However,
it is not absolutely certain that they occur in arthropods or that insects may act as
vectorsofplantacholeplasmas. Identification and characterization ofacholeplasmas
rest, first ofall, ontechniques suitable for their differentiation from classical sterol-
requiring mycoplasmas. However, whereas in the case of most animal-derived
classical acholeplasmas demonstration of nonsterol-dependence is relatively easily
accomplished by means of serum-free media, many (and, perhaps, all) plant
acholeplasmas do notgrow well on conventional serum-free mycoplasma media. To
overcome this obstacle, incorporation in the test media of special non-serum sup-
plements is required. Also, although relative insensitivity to digitonin can provide
indirect evidence that sterolsmay not berequired forgrowth, one cannot totally rely
on this test (particularly with plant acholeplasmas). In addition to sterol needs, the
demonstration of a genome size of109 daltons can provide documentation that the
organism is a member ofgenus Acholeplasma. Assignment of candidate organisms
to the species level of the genus depends on biochemical tests (glucose catabolism,
production of arbutin andpigmented carotenoids) and serology. The most effective
serological distinctions are accomplished with a combined growth inhibition and
plate immunofluorescence test. Recent DNA-DNA hybridization comparisons be-
tween thecurrently recognized eightAcholeplasma species has given important sup-
port to the species differentiation based on the mosaic of biochemical and
serological features.
Twomajorproblems involved in the isolation of acholeplasmas were emphasized
by M. Ogata: (1) The possible existence ofAcholeplasma species that are awaiting
their discovery because ofexacting nutritional requirements as suggested, for exam-
ple, bythe recent discovery ofanacholeplasma requiring phyton for its growth; and
(2) the need fordevelopment of selective media for acholeplasmas that might other-
wise, under certain ecological conditions, beoutgrown by mycoplasmas. Results ob-
tained with liquid and solid growth medium containing 0.5 percent (wt/vol) of
sodium-polyanethol-sulfonate (SPS), a chemical known for its selectively inhibitory
effect on sterol-requiring mollicutes, were presented. The advantage of using SPS
media in attempts at isolating acholeplasmas from ecological niches containing a
mixture of mycoplasmas and acholeplasmas was clearly demonstrated. Thus, the
isolation rate of acholeplasmas from nasal swabs of pigs was 10/120 (8.3 percent)
when using non-selective broth and agar media and 18/120 (15 percent) when
primary cultivation in non-selective broth was followed by subcultivation on SPS-
agar, as opposed to 31/120 (25.8 percent) with the combined use of SPS broth and
agar. Conversely, the isolation rate of mycoplasmas in the same experiments was
85/120 (70.8 percent), 0/120, and 0/120, respectively. Comparison of the growth
curves for A. laidlawii and M. equigenitalium following simultaneous inoculation
into non-selective broth and SPS-broth testified to the efficacy of the SPS medium
as a selective medium for the isolation of acholeplasmas.
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M.S. Shepard presented an outline of the isolation, cultivation, identification,
and speciation of human ureaplasmas. The culture media are of three types: urease
color test broths, standard agars of pH 6 (ureaplasmas grow best at pH 6) supple-
mented with low levels of urea, and differential agars. Plain fluid cultures are in-
cubated 16-20 hours' at 36°C before subculture. Urease color test broths for detec-
tion of ureaplasmas are incubated 24-72 hours or longer, but for isolation from
urease color test broths, subcultures must be made at the first sign of color
change-generally after only 12-18 hours' incubation. Agar cultures are incubated in
vacuum jars with gaseous mixtures containing CO2-N2 or CO2-H2. Identification of
ureaplasmas is contingent upon demonstration of urease activity, employing one or
more of the three following methods: (1) urease color test broths which show an
alkaline pH shift of the color indicator, indicating urea hydrolysis; (2) application of
the direct spot test for urease in colonies of suspected ureaplasmas growing on stan-
dard agars of pH 6, and observing for development of deep brown reaction product
in the colonies; (3) use of differential agar (A7, A7B, A8 of Shepard et al.) which
demonstrates urease activity as the ureaplasma colonies grow, and produces the
same reaction product, without the need of applying the spot test. Recent
developments in the classification of Ureaplasma at the subgeneric level were briefly
discussed.
K. Koshimizu in his presentation focused on the need for developing selective
isolation media for ureaplasmas from animals. To prevent bacterial contamination,
both penicillin and thallium acetate should be added to media used for primary
isolation. Although thallium acetate has a slight inhibitory effect on ureaplasmas,
this only results in a delay of growth. Further advantage may be taken of the selec-
tively inhibitory effect of lincomycin, as recommended by other investigators to
avoid concomitant growth of M. hominis in attempts at isolating human ureaplas-
mas. According to studies by Koshimizu and his collaborators (M. Ito, H. Kotani,
T. Magarituchi, and M. Ogata) minimum inhibitory concentrations (MIC) of lin-
comycin to ureaplasmas of human, bovine, simian, canine, feline, and avian sources
are in the range of 12.5 to 100 Ag/ml, as opposed to 0.2 to 3.13 Ag/ml for most
Mycoplasma and Acholeplasma species tested. (Only, some strains of M. gallisepti-
cum proved relatively insusceptible to lincomycin, MIC being about 12.5 to 25.0
jig/ml.) Conventional liquid and solid ureaplasma media containing 5 Ag/ml of lin-
comycin were found to be very suitable for primary isolation of ureaplasmas from a
great variety of animal species. A significantly higher isolation rate was achieved
when using these media rather than media devoid of lincomycin.
I.M. Robinson discussed methods for isolation and identification of anaero-
plasmas. Anaeroplasmas have been isolated from the rumens of sheep and cattle
where the Eh is kept at a low level by the metabolism of associated organisms. To
simulate conditions of the natural environment, media are maintained at low Eh in
closed vessels and exposure of organisms and culture media to air during inoculation
and incubation is avoided. Primary cultures of anaerobic mycoplasmas can be ob-
tained from inocula (10-5 to 10-8 per ml) of rumen contents in anaerobic roll tubes or
anaerobic plates containing a 40 percent rumen fluid-based medium or a similar
medium in which rumen fluid is replaced by volatile fatty acids (acetic, propionic,
n-butyric, isobutyric, n-valeric, and DL-a-methylbutyric) and cholesterol. Cysteine
hydrochloride (0.05 percent) is used to produce a low oxidation-reduction potential
and resazurin (0.0001 percent) serves as an indicator of anaerobiosis. Organisms
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with bacteriolytic and proteolytic enzymes can be detected by observing myco-
plasma-like colonies surrounded by a clear zone due to lysis of autoclaved Esche-
richia coli cells or casein suspended in the isolation medium. The bacteriolytic en-
zyme lyses only heat-killed gram-negative cells; gram-positive cells are not attacked.
Soluble starch stimulates growth of all strains. Metabolic products from starch in-
clude acetate, formate, lactate, succinate, ethanol, H2, and CO2. Two species of
Anaeroplasma have been described; both are sterol-dependent: A. bactoclasticum
possessing bacteriolytic and proteolytic enzymes, and A. abactoclasticum, lacking
these enzymes.